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Abstract 

A nearly-monochromatic high energy photon beam produced by 

Compton backscattering of Ruby laser light has been used to study photo- 

production in a hydrogen bubble chamber. The total hadronic 

yp cross sectiorsat 1.44', 2.8 and 4.7 GeV are found to be 145.1: 5.7 pb, 

131*3 + 4.3 pb and 124.2 + 3.9 pb, Yespectively; Partial cross.sections 

are presented also. 
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In 1963, R. Milburn 1) concurrently with Arutyunian et al. 2) 
-- 

pointed out that Compton backscattering of an intense polarized 

light beam by high-energy electrons would produce useful yields of 

monoenergetic, polarized photons. Such a beam has been realized 

at X.X3) and used together with the 82 inch LRL-SLAC Hydrogen Bubble 

Chamber for a study of yp interactions with linearly polarized 

photons. About 800,000 pictures have been taken at photon energies 

of 1.@,2.8 and 4.7 GeV, 10 percent of which have been used for the 

present study. Because the energy spread is small and because the 

bubble chamber Permiti a clear separation of electromagnetic and 

hadronic interactions, the exposures allow a'straightforward measurement 

of the total hadronic yp cross section. 'Thus this measurement is free-of 

the usual-background &nd detection biases 6aused by the 150 times 

more copious'pair production. 

Beam 

The beam results from Compton backscattering of light by high 

energy .electrons. This is a two body process; hence for given 

incident photon and electron energies ki and E, the energy k of the 

scattered photon depends only on the laboratory kngleeas -measured with 

respect to the incident electron beam: 

k= E( 1 - a) 

1 + 47e)2 
9 e<<1 

where m = electron mass,y = i 
1 

and a= . 
14 47 ki - 

(1) 

m 
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To limit the scattered photon energies to the top ten percent 

of the Compton spectrum at our energies requires angular definition 

of the order of -5 10 radians about 8 = 0' for both the incident electron 

and the backscattered photon beam. A special feature of the Compton process 

is that if the incident light is polarized, the high energy part of 

the Compton spectrum is almost completely polarized in the same way. 

Figure la shows the beam schematic layout. Some 1011 electrons in a 1 I 

Pulse Pass through the 5 metertlong interaction region. The electron beam is 

a few millimeters in diameter with about 10 -5 radians divergenc:. The 

linearly polarized light beam is generated by a Q-switched ruby laser 

(i\= 69348, k i = 1.786 ev, maximum output = 2 Joule, pulse length = 50 ns). 

The polarization mode can be changed from pulse to pulse by a set of 

i/4 and A/2 plates. The two beams clash at a relative angle of 3 mrad 

in the interaction region. The accepted'range of scattered photon angles 

is defined by a 2 mm diameter hole in the final collimator 100 meter down- 

stream of the interaction region. Scintillators embedded in this colli- 

mator are used to control the beam steering to 10 -6 radians. The optimal flux 

for the analysis of the photographs turned out to be 100 photons per 

pUlSej actually, several hundred were obtainable at the higher energies. 

In Fig. lb-d, the pair energy spectra are shown for the three 

different energies. In addition to the peak there is a small tail (of a 

few percent) extending towards low energies. Also shown in Fig. lb-d 
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are the distributions of the photon energy obtained from events which 

satisfy a 3 constraint fit to the reaction yp -+PI-c+B- and provide a more 

accurate measurement of the photon energy than do the pairs. Table Ia gives 

the full width at half maximum of these distributions. The energy 

determination was checked to 0.2 percent by measuring K" decays in the 

chamber. 

Scanning and Measuring 

Film was taken at the energies shown in Table Ia. For the total 

cross section measurement, film with low photon flux was selected. All 

pictures were independently scanned twice and discrepancies were resolved 

in a third pass. The combined double-scan efficiency, E, was better than 

99 percent for all topologies including e+e- pairs except that events with 

one charged particle had E = 9-97 percent. The scanning efficiencies 

were checked by scanning part of the film a third time. The photon flux 

was determined by counting the number of e+e- pairs produced in the 

fiducial volume. The events were measured in order to make sure that the 

event vertex was located in the beam volume. This volume is well defined 

because the diameter of the photon beam is less than 3 mm in the chamber. 

Geometrical reconstruction and kinematical analysis were done using the 

programs TVGP and SQUAW. 

Results 

The photoproduction cross section is obtained from the number 

of events,Nev and the number of e+e- pairs, Npair produced in the same 

chamber volume using the known (4) e+e- pair production cross section 
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*pair' 

N ev g - 
'yp*hadrons N pair 

'pair 

In Table Ia, b the relevant numbers such as the number of frames 

scanned and the events found in the various topologies are summarized 

together with the corrections applied. The low-energy correction removes 

events produced by photons in the low energy tail. For photon energies 

below 1 GeV, we used the published cross sections on single (5) and 

multiple(4) pion production. For energies above 1 GeV, the cross section 

values measured in this experiment were interpolated. The uncertainties 

in the cross sections from the low energy photon flux contribute errors 

of the order of 1.0 - 1.9 p,b to the total cross section errors. The 

loss of events of the type w -+pn+x- produced at very small momentum 

transfers to the proton was found to be negligible. The errors given 

for the cross sections include the statistical uncertainty in the number 

of events and in the photon flux, the uncertainties in the pair production 

cross section and in the corrections for low energy photons. 

In Fig. 2 the total hadronic n cross section as measured in 

this experiment is shown as a function of the photon energy together 

with the results of previous experiments. (6)(7) The cross section 

values of reference 6 are lower than ours at 2.8 and 4.7 GeV. Our 

values are in agreement with the preliminary results of a counter 

(8) (9) 
measurement and of an inelastic electron-proton scattering experiment. 
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In the framework of theVectorD.ominanceModel, the total 7p 

cross section can be related to the forward cross sections for 

photoproduction of p", LU and cp. Using the assumptions of reference 10, 

our measurements at 2.8 and 4.7 GeV lead to 

the square of the 7 - p coupling constant. 

= 0.4 +, 0.05 for 

Table Ib presents a breakdown of the total photoproduction cross 

sections into contributions from-various topologies. The contribution 

from reactions with one charged outgoing particle decreases rapidly 

between 1.4 and 4.7 GeV. The dominant topology is that with three 

charged outgoing particles. However, with increasing photon energy 

reactions with higher multiplicities gain importance. (See also 

references 4, 7, 11, and 12.) In this respect, photoproduction behaves 

in the same way as RN, KN, or NN interactions. 
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Number of events found 
b) 

corrections applied in $ cross section in pb 

for for 

k(GeV) 1.44 2.84 4.66 k(GeV) 1.44 2.84 4.66 

for 

k(GeV) 1.44 2.84 4.66 topology 

1 prong *> +2.5 +5.1 +6.1 54.23.2 22.751.5 15.6+2 356 293 200 scan 
eff. 

B &of 
low ** 

D-e -9.8 -12.5 
) -7.1 -14.2 -14.0 

energy 

-Y 
3 prong 85.e3.7 gi.yg.2 81.62.8 536 986 877 t3 eam ut of --- -1.0 -0.9 

low -1.4 -2.0 -4.2 energy 

1 96 190 low --- --- -1.0 
energy 

0.250.2 g+.o 18.451.3. 5 mm3 

7 prong 2 8 0.2-I-0.2 0.&_0.3 

with strange 
particle decay 

27 8? 82 low --- -0.8 -2.8 
energy 

4.420 .g 7.7+0.9 7*@*9 

920 1459 1357 145.125.7 131.3L4.3 lz42L3.9 scan i-1.0 +1.0 +o.g 
eff 
& &of -2.7 -2.5 

low energy -3.6 -4.5 -5.1 

!TOTAL 

++‘) An n-prong event has n charged particles without detected strange particle decay. 

**) The low energy cut-offs were at 1.0, 2.25, and 3.0 GeV respectively. 



Figure Captions 

1. (a) Experimental layout of the beam. 

(b) - (d) The histograms show the pair energy spectra at l-4, 2.8 

and 4.7 GeV. The solid histogransshow the energy spectra of 

events fitting the reaction yp +p3c+fiB(168 events at 1.3 GeV, 

758 events at 2.8 GeV, 293 events at 4.7 GeV). In Figs. lc,d 

pfi+Tt - events with photon energy-below 2 GeV are not, shown. 

2. The total hadronic photoproduction cross section as a function 

of the photon energy: 

+- from ref. 6; 

+ 
from ref. 7; 

+ 
this experiment. 
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